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The conversion of ketones into geminal bis(difluoramines) of 1.481 A in triphenylmethylamine." The presence of two
can be achieved under mild two phase reaction conditions by highly electronegative fluorines on the nitrogen atom reduces
employing triphenylmethyldifluoramine as an in situ source back-donation from the nitrogen lone pair, thereby decreasing
of difluoramine. the C-N bond order. The torsion angles from the difluoramine

group to the ipso-carbon atomsn of the phenyl rings, namely Fl -
The introduction of a difluoramine functionality into organic NI-CI-C8 and F2-NI-Cl-C2 are 56.4(1)' and 39.1(1)°,
moieties and the properties of the obtained target compounds respec:ively, and reflect the deviation of these atoms from
have been investigated intensively.' More recently a new class of perfect staggering.
high-energy containing materials, gem-bis(difluoramine)-
substituted heterocyclic nitramines has gained much attention as
high-energy oxidizers: HNFX (1)2 and TNFX (2)' have been
successfully synthesized from their corresponding ketone
derivatives. Usually this transformation is achieved under CoO
strongly acidic conditions with an excess of condensed
difluoramine (HNF2), an unpredictably 'shock-sensitive and cal I
thermally unstable, gaseous compound. 5 HNF 2 can be generated /I N
from different precursors, e.g. tetrafluorohydrazine6, N,N-
difluorourea 7 or N,N-difluorocarbamates.8 A short report on the .8 E FP

synthesis of triphenylmethyldifluoramine (3) mentions its ....
hydrolysis to HNF2.9 Except for 3, a stable crystalline C'1
compound, all of the othcr FNF2 precursors ha,ýe only limited 3
stability. 9

0 2 N, 0 2 N C C

"N NF2  N-- P .NF2

F2NO ,NF 2  "NF2 & NF2

F21Ni N- 0 2 a N
NO2  NO2

S2 3

Compound 3 proved to be a convenient reagent for the The closest intraimolecular H"-F contacts found in the crystal
conversion of ketones (A) into gem-bis(difluoramines) (B) thus structure of 3 result from •13 and F2-F15 at 2.281(16) and
circumventing the potential hazards associated with previous 2.334(16) A, respectively. The closest intermolecular H-.-Nmethodologies. contacts result from H15"-N.I and H9-..NI at 2.408(16) and

2.553(16) A, respectively. All these contacts are shorter than the
o0. 3 F2N F2 . sum of the van der Waals radii of nitrogen and hydrogen (1.55 +0 , (30 ) •l N F2 1.20 = 2.75A) or fitiorine and hydrogen (1.47 + 1.20 = 2.67A). A

Roleum (30%) R' R plot of the unit cell is provided with the supplementary
CH2C2  .information. 

M

A BWe have investigated two-phase organic solvent / oleum
SB media bis(difluoraminations) with' 3 under mild reaction.

Triphenylmethyldifluoramine (3) is accessible from conditions for some model ketones. Typically a solution of the
chlorotriphenylmethane in multi-gram quantities as stable, non- ketone (A) and 2.2 equivalents of 3 in CH2CI2, CHCl3 or CFCIl
hygroscopic, colorless crystals. It can be stored without were added dropwise to the same volume of oleum (30%) at 0
decomposition or any other hazards at ambient conditions. The 'C. Due to the potential hazards of the intermediate HNF 2 and
complete characterization of 3 was carried out by IR, Raman, 1H, any labile psroducts, all reactions were carried out on a small
13C and 1F NMR spectroscopy.t Additionally, we obtained scale (- Immol). The completion of the reactions was confirmed
single crystals suitable for ae, X-ray crystal structure by NMR. spectroscopy ('0 F, 'H, 'C). Thus, they were usually
determination.t worked up after 15 to 20 rmin by pouring into ice/water, followed

The structural features of 3 are similar to those reported forp- by extraction (CH2•C2 ) and evaporation of the solvent from the
bromphenldiphenyl-methyidifluoramine.1

0 The C-N distance of dried organic phase.
1.523(2) A found in 3 is longer than the corresponding distance DISTRIBUTION STATEMENT A
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Table I

ENTRY KETONE (A) g-em-BIS(DIFLUORAMINE) (B) YIELD [%] LITERATURE

I Acetone (4) 2,2-Bis(difluoramino)p-opz-ne (12) 90 4a4
2 Cyclopentanone (5) 1,l1-Bis(difluoramiio)cyclopentane (13) 80 4a
3 Cyalohexanione (6) 1,1.Bis(difluorm-iinýo)cyclohexane (14) 80 4a
4 Cyclohexa-1,4-dione (7) l,I,4,4-Teerakis(difluoramino)cyclohexane (15) 85 4&
5 N-Acetyl-piperidinone (8) 4,4-Bis(difluoramino)-NI-acetyl-pip.-ridine (16) 85 14
6 9a (n -) 17a .,b

7 9b (n -9) l7b 8 0,
8 9c (n= 10) 17c 85,
9 10 18 go,
10 1 la(R = -1 2011 0T
II I I lb (R =CH.') 20b 0'

decomposition*upon work-up; h analytical data provided in the supplementary inforrnation4; 'only rormation of the cage-51'Stems 19 a (I19b)' in ca. 80%
yield was observed

The crude product contained only triphenyirnethanol and the neat HNF2 and therefore minimizes its potential hazards. Work
gent-bis(diflooramine) that (on a larger scale) can be purified by is underway to further investigate the reaction mechanism, find
repeated crystallization, chromatography on neutral aluminum alternative preparations of the rcagent, and synthesize potential
oxide or distillation, respectively. The given yields are based on high-energy materials. .
'H NMR data of the crude product containing only the gem- We gratefully acknowledge the financial support by the
bis(difluoramine) (B) and triphenylmethanol. A variety of Office of Naval Research (Program Manager: Dr. JTudah
known (entry 1-5) as well as new (entry 6-11) difluoramine Goldwasser), the Air Force Office of Scientific Research and
derivatives was prepared in good to excellent yields, the National Science Foundation.

0
0 R Notes and references

0 0 Supplementary information contains analytical data for 3, 18; 19, 20,
21 (2 pages) and a plot of the unit ceill of 3 (3 pages).
t Crystal data: 3, Cj9H,5F2N, M, =295.32, monoclinic, a =

R ~1 0.3882(12), b = 9.8259(l11), c =14.6065(16) Aj = 92.402(2)', V =
0 1489.6(3) A', T= 213(2) K, space group P2(1)/n,,Z = 4, D, = 1.317 Mg

in", A (Mo-Ko = 0.094 mmn', 9649 reflections mesuared, 3035 unique
9. 10 . i(R,,, =0.0321). The final wR2 was 0. 1098 (all data).

F2NE 2  F2N ,NF2  IW. Hariefield, N.N-Dihalogen-amine, ed. D. Klaman in Methoden
F2 ,,NF2  der Organ ischen Chemie (RFouben-W6yl) Nitrogen Compounds, Vol.

F2N NF2 .. ElI 6a / Part 2, Georg-Thieme Verlag, Stuttgart, New York, 1990, pp.
R; 0 R R 893-925 and relerences 'herein.

R 2 (a) R. D. Chapman, M. F. Welker, C. B. Kreutzbergcr, J. Org.
Chem., 1998, 63, 1566; (b) R. D. Chapman, R. D. Gilardi, M. F.

f 2N NP2  .. Welker, C. B. Kreutzberger, J. Org. C'herm., 1999, 64, 960.
NE2  F2NV 'N 2  3 T. Axenrod, X.-P. Guan, J1. Sun, L. Qi, R. b. Chapman, R. D.

Gilardi, Tetrhedr-on Let., 2001,42,2621.
17 18 19 20 4 (a) K. Baum, J1. Amer. Chem. Soc., 1968, 90, 7083; (b) W. H1.

Graham, J. P. Freeman, J. Orm. Chem, 1969, 34, 2589; (c) A. V.
Although 17a could not yet be isolated on this small scale, it Fokin, Y. M. Kosytrev, V. A. Makarov, N. P. Novostlov, DokI.

repreisents the smallest alicyclic gemninal bis(difluoramine) so far Akad. Nauk-SSER, 1962,48ý6, 112.
chiaracteriized. The bisketone Ila (Ilb) could only be converted 5 E. W. Lawless, 1. C.S~ith, Inorganic High Energy Oxidizers ,

to te bidge heiamnal 9a 19b) nethe a lrge excss f 3 (Synthesis, Structure and"Properties), Marcel Dekker Inc., Newto te bidgd hrniainal 1a (9b);neihera lrgerexcss f 3 York, NY, USA, 1968, 69.nor extended reaction time did furnish the tetrakis(difluoramine) 6 J. P. Freeman, A. Keiinedy, C. B. Colburn, J. Amer. Chem. Soc.,
20a (20b). 1960;- 82,.5304.

Mechanistically, the reactions involve cleavage of 3 to the 7 (a) V. Grakauskaa, K. Baum, J. Amer. Chem. Soc., 1970, 92, 2096:
tripttenylmethyl cation and dilfuoramine. The latter or the in situ (b) R.. E. Banks, R. N. Hazeldine. J. P. Lalu, J. Chein. Soc. (c), 1966,
product, difluorsulf'am''ic acid reacts with the ketone A to provide 1514.
gemi-bis(difiuoramine) B. It is noteworthy that our reaction did 8 (a) V. Grakauskas, K. Baum, J. Amer. Chem. &.c., 1969;, 91, 1679;
not proceed in conc. H2S0 4, although acidolysis of 3 was (b) J. M. I. Laxnbert G. M. Alain (Societe Nationale des Poudres et
observed spectroscopically: the 19F NMR silrnall of 3 disappeared Explosives), 1973, DE 2320119; (c) D. L. Klapotek, G. B. Hobrok,

and he rity caion as bsered n th C MR sectum. fhorg. Chem, 1967,6, 1751.and he ritl ctio wa obervd i th 3CNMRspetru. 9 (a) R. C. Petry, L. P. Freeman, J. Amer. Chem. Soa, 1961, 83, 3912;Also employing other strong acids such as FSOH, CFCO2 H, (b) W. H. Graham, C. 0. Parker, J. Org. Chem., 1963, 28, 850.
CF3SO 3H or CF3 SO3H/(CF3SO2)2O resulted in similar behavior. 10 J. R. Surles, C. 1. Bumngardner, J. Bordner, J1. Fluorine Chemn., 1975,
In the case of FSO 3H/SbFs only decomposition of 3 was 5,467.
observed. We have never been able to observe free or protonated I I C. Gidwell, G. Furgeson, Acia Crystallog-r., Sec. C Crst. Str,
difluoramine.12 It is also possible that un 'der the reaction Commun., 1994,50o,924.

-- conditions SO 3 in oleum - be-sides being a water sca\-i6ger -C' 12 K. 0. Christe, Inorg. Chem., 1975, 14, 2821. .

might react with 3 to form F2NS0 3 H as the ultimate .13 S. Kobayashi, M. Murakami; T. iMukaiyama, Chem. Lett., 1985,
difluoraminating reagent (vide supra). The .triphenylmnethyl 1535.
cation might also act like a Lewis acid catalyst, polarizing the 14 J. Zhang, J. Oxley, J. Smith, C. Bedford, R. Chapman, J. 'Mass
carbonyl group (Mukayama type activation"l). Spectromiecy, 2000, 35, 84 1.

In conclusion, the readily preparable, stable
triphenylimethyldifluoramine, (3) can be conveniently employed
for the efficient conversion of ketones (A) under mild reaction
conditions to the respective geminal bis(difluoramines) (B). This
is the first difluoramination methodology that avoids the use of

2


